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ABSTRACT 
 
Using Decline Map Analysis (DMA) to Test Well Completion Influence on Gas 
Production Decline Curves in Barnett Shale (Denton, Wise, and Tarrant Counties). 
(August 2009) 
Ibrahim S. Alkassim, B.S., University of New Orleans 
Chair of Advisory Committee: Dr. David S. Schechter 
 
 
The increasing interest and focus on unconventional reservoirs is a result of the 
industry’s direction toward exploring alternative energy sources. It is due to the fact that 
conventional reservoirs are being depleted at a fast pace. Shale gas reservoirs are a very 
favorable type of energy sources due to their low cost and long-lasting gas supply. In 
general, according to Ausubel (1996), natural gas serves as a transition stage to move 
from the current oil-based energy sources to future more stable and environment-friendly 
ones. 
By looking through production history in the U.S Historical Production Database, 
HPDI (2009), we learn that the Barnett Shale reservoir in Newark East Field has been 
producing since the early 90’s and contributing a fraction of the U.S daily gas production. 
Zhao et al. (2007) estimated the Barnett Shale to be producing 1.97 Bcf/day of gas in 
2007. It is considered the most productive unconventional gas shale reservoir in Texas. 
By 2004 and in terms of annual gas production volume, Pollastro (2007) considered the 
Barnett Shale as the second largest unconventional gas reservoir in the United States. 
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Many studies have been conducted to understand better the production controls in 
Barnett Shale. However, this giant shale gas reservoir is still ambiguous. Some parts of 
this puzzle are still missing. It is not fully clear what makes the Barnett well produce high 
or low amounts of gas. Barnett operating companies are still trying to answer these 
questions. This study adds to the Barnett chain of studies. It tests the effects of the 
following on Barnett gas production in the core area (Denton, Wise, and Tarrant 
counties): 
• Barnett gross thickness, including the Forestburg formation that divides 
Barnett Shale. 
• Perforation footage. 
• Perforated zones of Barnett Shale. 
Instead of testing these parameters on each well production decline curve individually, 
this study uses a new technique to simplify this process. Decline Map Analysis (DMA) is 
introduced to measure the effects of these parameters on all production decline curves at 
the same time. 
Through this study, Barnett gross thickness and perforation footage are found not 
to have any definite effects on Barnett gas production. However, zone 3 (Top of Lower 
Barnett) and zone 1 (Bottom of Lower Barnett) are found to contribute to cumulative 
production. Zone 2 (Middle of Lower Barnett) and zone 4 (Upper Barnett), on the other 
hand, did not show any correlation or influence on production through their thicknesses. 
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CHAPTER I 
ITRODUCTIO 
 
The Barnett Shale was named after John W. Barnett. During the late 19th century, 
Mr. Barnett settled in San Saba County, and named a main stream as “The Barnett 
Stream.” In the early 20th century, in a geological mapping of the area, thick black 
organic-rich shale was found outcropping near the stream. This organic-rich shale 
formation was named the Barnett Shale (Barnett Shale History, 2009). 
Studies show that the Mississippian Barnett Shale formation is the oil-and-gas 
primary source feeding reservoirs of Paleozoic age in the Bend arch – Fort Worth basin 
(Hill et al. 2007). These studies were based on correlating oil that was produced from 
Paleozoic age reservoirs to oil that was produced from the Barnett Shale. This correlation 
indicates that the Barnett Shale is the primary source of mainly all oil and gas in the basin 
(Jarvie et al. 2001).  
It has been always a question in the gas industry, and yet still not fully solved: 
what makes many Barnett gas wells produce high? And many others produce low? 
Finding the answers to these questions would help in optimally planning future wells and 
developing the field. This study establishes a new method to test the effect of any 
parameter on production decline curves. Decline Map Analysis (DMA) makes it easy and 
simple to test the influence of any parameter on all production decline curves, all at once.  
 
 
____________ 
This thesis follows the style of SPE Journal. 
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DMA substitutes for testing parameters on each production decline curve 
individually. In this study, three parameters are tested using this technique to find their 
effects on Barnett Shale gas production: Barnett gross thickness, total perforation 
footage, and individual perforated Barnett zones.  
Before further discussing work done through this study, the following sections 
provide general overview on Barnett Shale. 
 
1.1 General Stratigraphy 
 
In the Fort Worth Basin, the sedimentary section has a maximum thickness of 
around 12,000 ft, in the eastern part. Around 4,000-5,000 ft of this total section consists 
of Ordovician to Mississippian carbonates and shales. The remaining section consists of 
Pennsylvanian clastics and carbonates, and a thin Cretaceous layer to the eastern part 
(Lahti and Huber, 1982).  
The basement lies beneath this thick sedimentary section. This Precambrian 
igneous basement is composed of granite and diorite. Overlying this Precambrian 
basement is the Cambrian section, which is dominated by carbonate deposition (Pollastro 
et al. 2007). 
During the Early Ordovician, all of Texas was mainly covered by a carbonate 
platform, known now as the Ellenburger Group carbonate rocks. Fig. 1.1 shows the top of 
the Ellenburger Group on a structure contour map. Later on, a significant drop in sea 
level caused this carbonate platform to be exposed and, consequently, karst features were 
formed (Montgomery et al. 2005). The erosion process did not stop at this point. A major 
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erosional incident eroded and removed all Silurian and Devonian formations (Simpson 
Group and Viola Limestone) presented in this region (Loucks and Ruppel, 2007). 
 
 
Fig. 1.1: Ellenburger Group top structure map (Pollastro et al. 2007). 
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The resulting unconformity served as the basement of the Barnett Shale 
formation. The Barnett Shale was deposited over a large portion of the Fort Worth Basin, 
which formed due to the collision between North and South American plates (Flippin, 
1982; Henry, 1982). To the northwest of the Newark East field, particularly in the 
Chappel shelf area, Chappel limestone was deposited over the unconformity and the 
Ellenburger Group. Therefore, by moving toward this direction, northwest, the upper part 
of the lower Barnett Shale thins out as it drapes over the Chappel limestone, forming a 
seal for the Chappel limestone reservoirs. The Mississippian rocks are characterized by 
alternating shallow marine limestones, and black, organic-rich shales, with a lack of 
distinctive fossils (Pollastro et al. 2007). Fig. 1.2 shows these formations on a 
stratigraphic section. 
By moving up the stratigraphic section (Fig. 1.2), the Pennsylvanian (Morrowan 
stage) Marble Falls limestone was deposited over the Barnett Shale formation. This zone 
is divided into two parts: Upper Marble Falls (limestone zone) and Lower Marble Falls 
(interbedded dark limestone and black shale). The latter is sometimes known as the 
Comyn Formation. Although it is used in many cases as a marker bed, the lower shale of 
the lower Marble Falls is sometimes mistaken on well logs with the Barnett Shale. It is 
known in the industry as the false Barnett (Pollastro et al. 2007). 
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Fig. 1.2: Stratigraphic section of the Fort Worth Basin (Pollastro, 2007). 
 
 
Permian rocks come next in the column, covering the Pennsylvanian. They exist 
in some parts of the Fort Worth Basin. After deposition of the Triassic and Jurassic rocks, 
a major erosion process took place. This Pre-Cretaceous erosion had removed all the 
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Triassic and Jurassic rocks, in addition to some Paleozoic sections. Therefore, Triassic 
and Jurassic rocks have never been discovered, in fact, they may not exist at all. The 
Cretaceous rocks were deposited over the eroded section in the eastern part of the basin. 
These rocks are not hydrocarbon-productive. However, they hold major groundwater 
aquifers in the region (Pollastro et al. 2007). 
To achieve the final picture of the stratigraphic column and formation lateral 
continuities, cross sections were constructed by Pollastro et al. (2007). The lines on the 
map (Fig. 1.3) represent the cross section profiles. 
The cross section A-A’ is shown in Fig. 1.4. Top of the Barnett Shale is set as the 
datum. The point of setting up a datum instead of using sea level is to demonstrate lateral 
stratigraphic continuities more clearly. As shown in Fig. 1.4, the whole section thins out  
moving southwest. In the northeastern part, the Forestburg Limestone exists, but then 
disappears midway through as moving southwest. The Marble Falls shale becomes very 
thin as well by moving southwest. 
As could be seen on cross section B-B’ (Fig. 1.5), the Marble Falls shale bed 
disappears by moving from southeast to northwest. Also, the Upper Mississippian Lime 
disappears in the opposite direction. In general, Barnett Shale is thick on the northeastern 
part of the basin, but then it starts to thin by moving in any other direction within the 
basin (Chaouche, 2006). 
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Fig. 1.3: Fort Worth Basin map. A-A’ and B-B’ are cross section profiles created by 
Pollastro et al. (2007). 
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Fig. 1.4: A-A’ (SW-NE) cross section profile created by Pollastro et al. (2007) (Barnett Shale in pink, Marble Falls in blue). 
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Fig. 1.5: B-B’ (NW-SE) cross section profile created by Pollastro et al. (2007).
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1.2 Production History 
 
The Bend arch – Fort Worth Basin is a mature petroleum region. Oil and gas 
exploration and production in this region has been there since the early 20th century. 
However, until the end of the 20th century, hydrocarbons were mainly produced from 
Ordovician-to-Permian conventional reservoirs (Bowker, 2003). 
A giant unconventional gas accumulation has been explored. This huge 
accumulation existed in the Mississippian Barnett Shale formation. In year 2000, annual 
gas production from the Barnett Shale pushed the Newark East field up the ranking as the 
largest producing gas field in Texas (Rach, 2004). 
Newark East field is considered among its kind as the largest shale gas field in the 
world in lateral extent (Zhao et al. 2007). Barnett Shale has a lateral estimated area of 
6,000 mi² (15,500 km²). Its daily production rate is estimated to be 1.97 Bcf of gas and 
6000 barrels of oil or condensate, with a cumulative production of 2.2 Tcf of gas and 7.5 
MMbbl of oil or condensate (Zhao et al. 2007). U.S. Geological Survey (USGS) studies 
estimate 26 Tcf of undiscovered and technically recoverable gas in Barnett Shale 
formation within the Fort Worth Basin (Pollastro et al. 2007). 
Fig. 1.6 shows yearly gas production rates of the major gas plays in the United 
States: Ohio, Antrim, New Albany, Barnett, and Lewis. As seen clearly, Barnett gas 
production had been notably increasing since early 90’s. It reached a significant 
production rate in year 1999. Since then, Barnett Shale gas production has increased 
dramatically (Fig. 1.7). This figure was generated using HPDI software. Beginning in Jan 
1999, number of Barnett gas wells significantly increased resulting in a significant jump 
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in gas production. More and more wells have been drilled since then, increasing gas well 
count, and consequently, increasing Barnett gas production. 
 
 
Fig. 1.6: Yearly gas production rates of the major gas plays in the United States (Hill and 
Nelson, 2000). 
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Fig. 1.7: Monthly Barnett gas (red line) and liquid (green line) production rates plot. Monthly Barnett well count (black line). This 
figure generated using HPDI software.
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CHAPTER II 
METHODS 
 
2.1 Data Screening 
 
A database file was provided by IHS Energy Inc. This database included a wide 
data spectrum for 5119 Newark East Field wells. This database spectrum involved, but 
not only: location coordinates, targeted formation (reservoir), formation tops, and hole 
direction (vertical, horizontal, or deviated). This file was used along with Scout Tickets 
that were provided by IHS Energy Inc. too. 
These 5119 wells were filtered to a smaller field-representative number. The 
following criteria were used to carry out the filtration process: 
• All wells must be vertical gas wells. (since horizontal gas wells surveys 
were not available) 
• All wells must be targeting Barnett Shale reservoir. (to limit the study to 
Barnett Shale only) 
• All wells must include Barnett Shale top and bottom depths. (to create 
Barnett Shale gross thickness map) 
560 wells were filtered out of this process. So, an Area of Interest (AOI) was 
automatically created, enclosing these 560 vertical wells in the core area (Denton, Wise, 
and Tarrant counties) (Fig. 2.1). 
  
Fig. 2.1: Fort Worth Basin map with the
2007). 
 
 
These wells were then imported into mapping software (Geographix). Using 
Barnett Shale top and bottom
map was generated and contoured 
in Fig. 2.1. As shown in Fig
direction, matching the topography mentioned in literature in the introduction of this 
thesis. This thickness map includes the Forestburg formation 
lower Barnett. Its top and bottom depths 
impossible to remove its effect from the map.
 study AOI highlighted (Map from Deshpande, 
 True Vertical Depths (TVD), Barnett Shale gross 
(Fig. 2.2), which represents the highlighted rectangle 
. 2.2, Barnett Shale formation mainly thickens in the NE 
dividing the
were not available in the database, so it 
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thickness 
 upper and 
was 
  
Fig. 2.2: Barnett gross thickness map (Isochore map) of current AOI.
 
 
As mentioned earlier, vertical wells were filtered out to easily ge
Shale thickness (Isochore) map
horizontal wells were added to the AOI highlighted in 
horizontal wells enclosed in this AOI 
from 560 to 781. These 781 Barnett Shale gas wells 
out through the remainder of this study.
 
2.2 Production Forecast 
 
In any production forecast process, historical production data is an essential 
element to complete the process. In this study, historical production data was obtained 
 
nerate Barnett 
 since horizontal wells surveys were not available. Then, 
Fig. 2.1. All Barnett Shale 
were added, increasing the total number of wells 
complete the final well list carried 
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from U.S Historical Production Database (HPDI). Each well API number was imported 
into the HPDI software. To have a general idea of their production history, Fig. 2.3 
represents a historical production plot of these wells, along with a trendline 
demonstrating the increase in number of wells through time. 
Each well historical production data was extracted from HPDI. This data then was 
copied into an Excel sheet exclusively built for production forecast purposes. This sheet 
used Arp’s equations to forecast data. Arp’s equations are favored over other models for 
their simplicity; they do not require any well or reservoir parameters (Mohaghegh et al., 
2005). These equations are as follows (Lee and Wattenberger, 1996): 
• Exponential Decline: 
 b = 0 → Q = Q × e


 × …………………………………. Eq. 1 
           b = 0 → N = 

× 30.4375 …………………………. Eq. 2 
• Harmonic Decline: 
  b = 1 → Q = 
 …………………………………………. Eq. 3 
 b = 1 →  N = 2.303 

× log Q − log Q# × 30.4375 … Eq. 4 
• Hyperbolic Decline: 
 Q$ 
(&'()

*
 …………………………………………………. Eq. 5 
           N = 
*

(&)
(Q& − Q&) × 30.4375 ………………… Eq. 6 
Where Q is the initial daily gas flow rate, D is the initial decline rate, and b is the 
decline exponent. Fig. 2.4 shows the Excel sheet interface
  
1
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Fig. 2.3: Monthly Barnett gas (red line) production rates of the selected 781 wells plot. Monthly Barnett well count (black line).  
This figure generated using HPDI software
  
 
1
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Fig. 2.4: Production forecast excel sheet. 
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To start the forecast process for each well individually, the following steps were 
followed: 
• Historical monthly gas production data was copied from HPDI, pasted into 
“Actual Volume” column, and plotted as black points on the graph.  
• Forecast parameters (,-, .-, and /) were entered manually and arbitrarily.  
• ,0 and 12 columns were calculated automatically using Arp’s equations, 
and based on the arbitrary parameters.  
• Each cell in “DCA Volume” column equaled the difference between the 
corresponding and previous 12’s. This column was plotted as a red line on 
the graph. 
• “RES” column was created, where each cell was the difference of squares 
between corresponding “Actual Volume” and “DCA Volume”.  
• All the “RES” cells were then summed into “Objective” cell. 
Now, the sheet is set up and ready to start the forecast process. The goal now is to 
fit the red line (DCA Volume) into the black points (Actual Volume). This step is 
achieved by adjusting the parameters (Q, D, and b). However, adjusting these 
parameters manually would not fit the data accurately.  
Setting up Excel to perform the parameters adjustment is the preferred method in 
this study. This is done by minimizing difference of squares between “Actual Volume” 
and “DCA Volume”. As mentioned earlier, the “Objective” cell is the sum of all 
difference of squares in “RES” column. By using “Solver” feature in Excel, shown on the 
top right corner of Fig. 2.4, the “Objective” cell is minimized by changing the forecast 
20 
 
 
parameters. Fig. 2.5 shows the new parameters values, and how suitably “DCA Volume” 
red line fits into “Actual Volume” black points. 
Regression step: the initial step in production forecast procedure is now complete. 
The next step is to use the current parameters to forecast production for the desired 
amount of time. In this study, data is forecasted for 480 months (40 years). Forecast 
parameters are copied and pasted into another sheet (Fig. 2.6). The same Arp’s equations 
used in the previous sheet are used here. “Volume” column is the difference between the 
corresponding and previous N’s. This sheet is built to calculate forecasted production to 
month 480. 
From Fig. 2.6, “Volume” column is plotted vs. months. The resulting plot 
represents the final forecast. “Actual Volume” black points are plotted too to see how 
they are matched to the “Volume” curve. Out of the forecasted 781 wells, below are 
examples of four cases, initial (Regression) and final forecast plots (Figs. 2.7a, 2.7b, 
2.8a, 2.8b, 2.9a, 2.9b, 2.10a, and 2.10b). 
 
 
 
 
 
 
 
 
  
 
2
1
 
 
 
Fig. 2.5: Production forecast excel sheet after fitting the regression line into the actual monthly production rates. 
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Fig. 2.6: Production forecast excel sheet built to predict monthly production rates for 480 
months (40 years). 
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Fig. 2.7a: Example 1 regression plot. 
 
 
Fig. 2.7b: Example 1 final production decline curve. 
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Fig. 2.8a: Example 2 regression plot. 
 
 
Fig. 2.8b: Example 2 final production decline curve. 
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Fig. 2.9a: Example 3 regression plot. 
 
 
Fig. 2.9b: Example 3 final production decline curve. 
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Fig. 2.10a: Example 4 regression plot. 
 
 
Fig. 2.10b: Example 4 final production decline curve. 
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By now, the forecast process is complete and a total of 781 decline curves are 
available. However, using these decline curves to compare between production forecasts 
is very difficult, if not impossible. By using conventional methods, two ways are 
available: 
• Arranging all the decline curves next to each other and going through 
them one by one. As seen earlier, four decline curves were attached. It is 
difficult to use these four curves to compare between their forecasts. 
Therefore, it is even way more difficult and time consuming to use decline 
curves to compare between 781 forecasts. 
• Combining all the curves into one plot. This method is effective only 
when few curves are combined. However, it is very complicated to 
combine 781 curves in one plot.  
Furthermore, these two methods are ineffective and time consuming when it 
comes to testing a parameter’s influence on production decline curves. A new simple way 
is introduced here: Decline Map Analysis (DMA) simplifies this process. It simply plots 
these Decline Curves on maps. The next section discusses this new technique in details. 
 
2.3 Decline Map Analysis (DMA) 
 
A question might rise at this point: how a decline map is different from a regular 
production map? The answer is basically as follows: 
A production map is a visual expression of production values on a specific date. 
In other words, it maps out the production rates collected on a specific day, month, or 
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year. To illustrate this point, Fig. 2.11 shows an example of three production plots. Each 
plot is set to its original production start point on the year (x) axis. To create a 1995 
production map, for example, each value from the production (y) axis corresponding to 
the 1995 time line would be collected and plugged into the map. In this way, all the rates 
produced in 1995 would be collected and mapped out, no matter how old or young the 
well is. 
 
 
Fig. 2.11: Three production curves set to their original production start points to illustrate 
production mapping (Data from Deshpande, 2008). 
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On the other hand, a Decline Map assumes that all wells have started production 
at the same point of time. In other words, all the Decline Curves are zero-timed. The 
reason for this step is to reference all the production data to the same time line. As shown 
in Fig. 2.12, the same three plots used earlier are normalized to the same start point. 
Now, instead of mapping the production on a specific date, production in a specific 
month is mapped. For example, to create a map for the 50th month, the production value 
in the 50th month of each well is collected and plugged into the map. This 50th month 
map shows how each well production behaved in its 50th month compared to other wells. 
So, on each x’th month decline map, the production of each well in its x’th month is 
displayed and color coded to visualize its x’th month production behavior compared to 
others. In this way, all the decline curves are compared at the same time. 
 
 
Fig. 2.12: Same production plots used in Fig. 2.11 normalized to same start point to 
illustrate decline mapping (Data from Deshpande, 2008). 
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To create Decline Maps for the current Area of Interest, all the 781 decline curves 
are normalized to the zero time line. Therefore, all the 781 wells are assumed to have 
started production at the same time. These production values are then imported into 
Geographix mapping software. Fig. 2.13 shows the decline map created for month one. 
Since each well is forecasted for 480 months, decline maps are created until month 480 
too. However, to save storage memory, these maps are chosen for this study (all figures 
are available in the Appendix page 65): 
• Months one, five, and 10. 
• Months 20, 40... 100. 
• Months 120, 140, 160… 300. 
• Months, 330, 360, 390… 480. 
These maps are then tied to some parameters to see how these parameters 
influence decline curves, and consequently decline maps. These parameters include: 
Barnett gross reservoir thickness (including Forestburg formation), total perforation 
footage, and perforated Barnett zones.  
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Month 1
 
Fig. 2.13: First month decline map of the current AOI. 
 
 
Tian (2009), in her ongoing M.S. research at Texas A&M, divided Barnet shale 
into four zones, from bottom to top: 1, 2, 3, and 4. Zone 4 represents Upper Barnett, 
where 1, 2, and 3 divide the Lower Barnett. In between Upper and Lower Barnett exists 
the Forestburg formation. Tian divided these zones based on Gamma Ray responses (Fig. 
2.14). 
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Fig. 2.14: Barnett zones divided by Tian (2009). 
 
Out of the 560 vertical wells and 221 horizontal wells included in this study, only 
35 well logs became available. These 35 well logs represent 35 vertical wells scattered 
33 
 
 
throughout the field: 4 wells in Denton, 13 wells in wise, and 18 wells in Tarrant counties 
(Fig. 2.15). 
  
Wise
Tarrant
Denton
5 mi
 
Fig. 2.15: 35 wells with logs pointed out (white points) on the Barnett gross thickness 
map. 
 
Barnett zones which Tian (2009) divided are correlated through these 35 logs. 
The objective of this step is to match these zones with the perforation footage (from 
Scout Tickets) and see how this match correlates to each well production. 
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CHAPTER III 
RESULTS AD DISCUSSIOS 
 
3.1 Decline Curve Analysis 
 
As mentioned in the previous chapter, 781 decline curves are generated. Each 
Decline Curve represents the past and the predicted future production data of a specific 
well. Since each well has a different production history, each well’s decline curve looks 
different. In other words, each well’s future production is forecasted with different 
parameters (Q, D, and b), resulting in a unique declining curve. 
Each of the forecast parameters (Q, D, and b) has a particular effect on the curve. 
Q is the initial flow or production. On the curve, it is the point where the curve starts. D 
is the initial decline rate. It determines the degree of decline in the first 12 months. In 
other words, it decides how steep or gentle the slope of the curve is during the first 12 
months. b, decline exponent, determines the decline curvature passed the first 12 months. 
That is: a zero b value leads to a straight line, and as the value increases, the curve is 
curved upward more and more.  
Fig. 3.1 shows how relevant the first month production rates in decline curves to 
the actual first month production rates. Exhibiting a 45º line, this correlation indicates 
that these values are very close and, therefore, the decline curve first month values could 
be used instead in the correlations coming later. Fig. 3.2 plots the “decline” versus actual 
first 12 month production rates averages. As could be seen on the plot, room of error in 
the forecast process is very small since the correlation exhibits a 45º line. 
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Fig. 3.1: Decline vs. actual first month production rates. 
 
 
Fig. 3.2: Decline vs. actual first 12 month production rate averages. 
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In Fig. 3.3, first month production rates in the decline curves are plotted versus 
their corresponding actual first 12 month production rate averages. The correlation from 
this plot shows how reliable the first month production rates from decline curves are.  
Therefore, again, first month production rates from decline curves are used in correlations 
throughout this study.  
 
 
Fig. 3.3: Decline first month production rates vs. actual first 12 month production rate 
averages. 
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generally produce 3.2 times higher than vertical wells (Directional and Horizontal 
Drilling, 2009). Therefore, in terms of production rates, horizontal wells Decline Curves 
must be higher as well. Average horizontal well (221 horizontal wells production rates 
averaged) and average vertical well (560 vertical wells production rates averaged) decline 
curves are shown in Figs 3.4 and 3.5, respectively. As could be seen on the plots, the 
curve starts with a higher initial flow rate (Monthly production rate) in the horizontal well 
case. However, it initially declines fast with D=27% during the first 12 months. On the 
other hand, for the same amount of time, vertical well curve declines with D=11.2%. It 
then speeds up the decline with b=1.902, while the horizontal case slows down with 
b=2.228. As mentioned earlier, smaller b value means low curvature and faster decline 
toward low production rates. At the end, after 40 years, the horizontal well produces with 
a monthly rate 76.4% less than the first month, where it is 69.4% less than the first month 
in the vertical case. Therefore, Barnett horizontal wells would decline faster than vertical 
wells but they would mainly still produce with higher monthly production rates. 
In terms of Estimated Ultimate Recovery (EUR), the average Barnett horizontal 
well would have an EUR of 7,230,541 Mcf in 40 years. On the other side, the average 
Barnett vertical well is estimated to recover 3,150,817 Mcf in 40 years, which is only 
56.4% of the horizontal well EUR. Considering their costs, Barnett horizontal well and 
vertical well cost about $2 million and $1 million, respectively (Hayden and Pursell, 
2005). These costs include drilling and completion. Although a vertical well would cost 
50% less than a horizontal well, an EUR ratio of 2.3:1 Mcf makes the horizontal well 
more efficient. 
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Fig. 3.4: Average horizontal well decline curve. 
 
 
Fig. 3.5: Average vertical well decline curve. 
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3.3 Gross Reservoir Thickness on DMA 
 
One of the parameters influencing original gas in place (OGIP) is gross reservoir 
thickness. A thick reservoir would have more reserves than a thin reservoir with the same 
parameters (area, porosity, and fluids saturation). This section studies the influence of 
gross reservoir thickness on production by using DMA. 
Fig. 3.6 shows the first month decline map of the current study area. By 
correlating this map with the gross reservoir thickness map of the same area (Fig. 3.7), no 
clear correlation is indicated. As mentioned earlier, note that this gross reservoir 
thickness includes the Forestburg formation. 
Vertical-wells-only decline map is created and shown in Fig. 3.8. The reason for 
generating this map is to see the influence of gross reservoir thickness on vertical well 
production only. By correlating the vertical wells decline and gross reservoir thickness 
maps, correlation could not be established either. Months one, 100, 200, 300, and 480 
decline maps are attached (Figs. 3.8, 3.9, 3.10, 3.11, and 3.12, respectively) to see the 
influence of gross reservoir thickness. Fig. 3.13 represents the scale-shifted version of 
Fig. 3.12. However, no clear definite influence is spotted. This poor correlation could be 
seen in Fig. 3.14 where the production of each well through time is averaged and plotted 
versus the gross reservoir thickness. Estimated Ultimate Recovery (EUR) at month 480 
versus gross reservoir thickness plot (Fig. 3.15) has no clear correlation either. Therefore, 
Barnett gross thickness, including Forestburg formation, has no definite influence on 
production through time in Barnett Shale. 
 
  
Fig. 3.6: First month decline map of the current AOI
influence. 
 
Wise
Tarrant
Fig. 3.7: Barnett gross thickness map of the current AOI
 to test Barnett gross thickness 
Denton
5 mi
 to correlate with decline maps
40 
 
 
. 
41 
 
 
Month 1
 
Fig. 3.8: First month vertical wells only decline map of the current AOI. 
 
Month 100
 
Fig. 3.9: 100th month vertical wells only decline map of the current AOI. 
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Month 200
 
Fig. 3.10: 200th month vertical wells only decline map of the current AOI. 
 
Month 300
 
Fig. 3.11: 300th month vertical wells only decline map of the current AOI. 
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Month 480
 
Fig. 3.12: 480th month vertical wells only decline map of the current AOI. 
 
Month 480
 
Fig. 3.13: 480th month vertical wells only decline map of the current AOI (shifted scale). 
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Fig. 3.14: Average monthly gas production of each vertical well vs. Barnett gross 
thickness (including Forestburg formation) plot. 
 
 
Fig. 3.15: EUR in month 480 vs. Barnett gross thickness (including Forestburg 
formation) plot. 
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3.4 Perforation Footage on DMA 
 
Another factor to possibly influence production rate and EUR is the perforation 
footage. Perforation footage is the sum of lengths of perforated zones in each well. The 
total perforation footage of each well is copied from Scout Tickets and plugged into a 
map, generating a perforation footage map (Fig. 3.16). This contour map shows the 
perforation length of each vertical well included in this study. By correlating this map to 
the same decline maps used in the previous section, no definite correlation could be 
established. Assuming higher production rates along with higher perforation footage, or 
vice versa, is not correct here. This poor correlation is illustrated in Fig. 3.17: average 
monthly production rate of each well is plotted versus the corresponding perforation 
footage. As seen on the plot, no clear correlation could be found; neither could it be 
found in the EUR vs. perforation footage plot (Fig. 3.18). Therefore, perforation footage 
has no noticeable influence on Barnett Shale production. 
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Fig. 3.16: Perforation footage contour map of the current AOI. 
 
 
Fig. 3.17: Average monthly gas production of each vertical well vs. perforation footage 
plot. 
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Fig. 3.18: EUR in month 480 vs. perforation footage plot. 
 
 
3.5 Perforated Barnett Zones on DMA 
 
According to the Scout Tickets, HPDI, and IHS excel sheet, perforation in Barnett 
Shale mainly starts from top of Upper Barnett to bottom of zone 2 in Lower Barnett. In 
general, most of the wells have their perforation zones reported as one slot covering that 
section. Fig. 3.19 shows the general perforation zone on the type log. The dark blue 
section on the side indicates the perforated zone. 
Although all data sources used in this study: Scout Tickets, HPDI, and IHS excel 
sheet report same perforated zones, some perforation details seem to be missing. It seems 
that these data sources provide information on the major perforated zones but do not 
include the minor ones. It is uncertain to say whether this whole section is perforated or 
some zones within are selectively perforated. However, completion of zone 1 is the only 
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visible difference between wells. It is perforated in some wells, and not in others. This 
section studies the influence of perforating zone 1 on 
 
Fig. 3.19: Common Barnett perforated section (dark blue) (Type log from Tian, 2007)
gas production. 
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Estimated Ultimate Recovery (EUR) at month 480 for each well of the 35 wells is 
plotted versus its corresponding first month production rate (Fig. 3.20). Data points are 
plotted representing wells perforating and not perforating zone 1, as indicated by the 
plot’s legend. Wells perforating zone 1 tend to produce more in the first month of 
production than wells that are not. Perforating zone 1 seems to be one of the factors 
contributing to higher production rates. 
 
 
Fig. 3.20: EUR in month 480 vs. first month production rate plot for the 35 wells. 
 
As seen in Fig. 3.20, some wells not perforated in zone 1 produce higher in the 
first month than wells with zone 1 perforated. This is due to the large distance separating 
those wells and difference in reservoir thicknesses. In other words, one well with a thick 
reservoir but not perforated in zone 1 might still produce more than another well with less 
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thick reservoir and perforated in zone 1. Therefore, to see results of zone 1 perforation 
more clearly, it is better to compare between wells that are close to each other and within 
a close range of reservoir thickness. By looking at the thickness map in Fig. 3.21, wells in 
Tarrant county seem to be the right choice since they are close in distance and gross 
reservoir thickness. 
 
Wise
Tarrant
Denton
5 mi
 
Fig. 3.21: Difference in Barnett thickness between the 35 wells with logs. 
 
 Fig. 3.22 is a well log of one of the 18 wells in Tarrant county. The red marks 
indicate the perforated section in this well. This well did not perforate zone 1. It produced 
15,148.78 Mcf of gas in the first month of production. Another Tarrant well is shown in 
Fig. 3.23. This well perforated zone 1 and produced 41,531.69 Mcf of gas in the first 
month. The only visible difference between these two wells in terms of perforated zones 
  
is zone 1. The latter well perforating zone 1 produced higher in the first month than the 
first well that did not perforate the same zone. 
 
Fig. 3.22: Well log from Tarrant county with zone 1 not perforated.
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Fig. 3.23: Well log from Tarrant county with perforated zone 1.
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In Fig. 3.24, Tarrant wells perforating zone 1 tend to produce more in the first 
month than wells that did not perforate zone 1. Also, they tend to have higher EUR’s in 
month 480. However wells not perforating zone 1 but have high EUR’s could be 
considered exceptions caused by either forecast process uncertainty or reasons beyond 
the data sources included in this study. 
 
 
Fig. 3.24: EUR in month 480 vs. first month production rate plot (18 wells in Tarrant 
county). 
 
Figs. 3.25, 3.26, 3.27, 3.28, 3.29, and 3.30 show these 18 Tarrant wells on the 
decline maps. As could be seen on month 1 decline map (Fig. 3.25), white wells 
(perforating zone 1) are producing higher than black wells (not perforating zone 1). 
Moving through time, by going through the decline maps, white wells are mainly still 
producing higher than black wells. It could be said now that zone 1 contributes to the 
total gas produced from Barnett Shale. 
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Fig. 3.25: Tarrant wells on first
perforating zone 1. Black wells: not perforating zone 1).
 
Fig. 3.26: Tarrant wells on 100th 
 month vertical wells only decline map (white wells: 
 
Month 
month vertical wells only decline map. 
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Month 200
 
Fig. 3.27: Tarrant wells on 200th month vertical wells only decline map. 
 
Month 300
 
Fig. 3.28: Tarrant wells on 300th month vertical wells only decline map. 
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Month 480
 
Fig. 3.29: Tarrant wells on 480th month vertical wells only decline map. 
 
Month 480
 
Fig. 3.30: Tarrant wells on 480th month vertical wells only decline map (shifted scale). 
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Since data sources here do not tell which parts of zones 2, 3, and 4 are perforated, 
the only way to tell their influence on production is through their thicknesses. Zones 
thicknesses are read from each individual well log and plotted versus first month 
productions. Fig. 3.31 shows the correlation between zone 2 thicknesses in Tarrant wells 
and corresponding first month production. No definite correlation could be established 
here. Therefore, contribution of zone 2 to the total production could not be seen through 
its gross thickness. Zone 3 thicknesses are plotted in the same way versus first month 
production (Fig. 3.32). a possible correlation is observed in Fig 3.32. Wells with thicker 
zone 3 tend to produce more in the first month of production. Zone 4 thicknesses, Upper 
Barnett Shale, do not correlate to first month productions, as could be seen in Fig. 3.33. 
This possibly concludes that zones 1 and 3 tend to contribute to total Barnett gas 
production. However, influence of zones 2 and 4 on production could not be seen through 
variations in thickness. 
 
 
Fig. 3.31: Zone 2 thickness vs. 1st month production rates plot (18 Tarrant wells). 
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Fig. 3.32: Zone 3 thickness vs. 1st month production rates plot (18 Tarrant wells). 
 
 
Fig. 3.33: Zone 4 (Upper Barnett) thickness vs. 1st month production rates plot (18 
Tarrant wells). 
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3.6  Limitations 
 
It is worth mentioning that some limitations exist in this study. As mentioned 
earlier, three data sources only are available and used throughout the study: Scout 
Tickets, HPDI, and IHS excel sheet. These data sources do not provide any information 
on the following: 
• Reservoir pressure: no data concerning reservoir pressure is available. 
Therefore, degree of pressure depletions could not be studied or associated 
with the decline map analysis. 
• Well completion: only major perforated sections are available through 
these data sources. Specified perforated zones are unavailable. These data 
sources do not provide thorough data regarding completion techniques. 
• Horizontal well surveys: in some parts through this study, horizontal wells 
are excluded. The reason is that no surveys are available. Therefore, 
reservoir point of entry, lateral lengths, and estimated reservoir exposure 
could not be specified. 
• Well logs: for 560 vertical wells and 221 horizontal wells, 35 vertical well 
logs are available. Furthermore, these logs include gamma ray and 
resistivity readings only. No density or neutron logs are available. This 
shortage limits the extent of petrophysical studies conducted. 
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CHAPTER IV 
COCLUSIOS AD RECOMMEDATIOS 
 
4.1 Conclusions 
 
Conclusions of this study could be summarized in the following points: 
1. According to the forecast process conducted in this study, an average horizontal 
well production curve declines a little faster than an average vertical well. After 
40 years of production, an average horizontal well would produce with a monthly 
production rate that is 76.4% less than the first month production rate. On the 
other hand, an average vertical well would produce with a monthly production 
rate that is 69.4% less than the first month production rate. However, an average 
horizontal well would still have a higher monthly production rate and higher EUR 
even though it declines a little faster. 
2. Barnett gross reservoir thickness, including the Forestburg formation, does not 
have a definitive influence on vertical well production decline curves. Therefore, 
Barnett gross reservoir thickness, including Forestburg formation, does not 
influence monthly production rates or EUR’s in the core area (Denton, Wise, and 
Tarrant counties) 
3. Total perforation footage of each well does not have an effect on monthly 
production rates. It is seen through this study that no correlation between total 
perforation footage and monthly production rates or EUR’s could be established. 
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4. Out of Barnett four zones, zone 1 and 3 seem to contribute to Barnett monthly gas 
production. However, zones 2 and 4 do not show any clear effect on production 
through variations in gross thickness. This conclusion is determined based on the 
limited perforation zones data provided from the three data sources included in 
this study. 
5. Decline Map Analysis (DMA) converts decline curves into decline maps. It is a 
good tool to: 
a. Visualize and compare between decline curves through time easily. 
b. Test the influence of any parameter on all decline curves at the same time 
and see the results clearly along with each well location on the map. 
 
4.2 Recommendations 
 
To simplify any future work pursued on this study, an excel database is created. 
This database includes: actual monthly gas production rates, forecasted monthly gas 
production rates, initial regression plot, and final forecast plot for each individual well. 
Fig. 4.1 shows a snapshot of this database interface. By choosing a well API number 
from the drag-down menu, this interface accesses the database and loads its data on the 
current sheet. This database contains the 781 wells data included in this study. More 
wells could be added by one click. This database is available in the Petroleum 
Department shared folder, along with instructions on adding new wells. 
  
 
Fig. 4.1: Snapshot of the Barnett production forecasts database. 
 
6
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The following recommendations could be taken into consideration when 
conducting any further work on this study: 
• Integrating well logs with decline maps to study reservoir petrophysical 
properties and their influence on production rates and decline maps. 
• Reservoir pressure data could be used along with decline maps to test its 
influence on production decline curves behavior. 
• Specified perforated zones are needed to see their influence on production 
rates. 
• Any parameter that could possibly affect production rates could be tested 
on decline maps and see how this parameter correlates to these maps. 
• Surveys are needed to include horizontal wells in such studies. 
• More Barnett wells could be added and processed similarly to broaden the 
study.  
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OMECLATURE 
 
AOI  Area of interest 
b   Decline exponent 
D   Initial decline rate 
DCA  Decline curve analysis 
DMA  Decline map analysis 
Q  Initial daily gas flow rate 
,0   Gas flow at “t” time 
12  Cumulative monthly gas flow 
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APPEDIX 
DECLIE MAPS OF CURRET AOI 
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Fig. A-1: First month decline map of the current AOI. 
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Fig. A-2: 5th month decline map of the current AOI. 
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Fig. A-3: 10th month decline map of the current AOI. 
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Fig. A-4: 20th month decline map of the current AOI. 
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Fig. A-5: 40th month decline map of the current AOI. 
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Fig. A-6: 60th month decline map of the current AOI. 
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Fig. A-7: 80th month decline map of the current AOI. 
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Fig. A-8: 100th month decline map of the current AOI. 
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Fig. A-9: 120th month decline map of the current AOI. 
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Fig. A-10: 140th month decline map of the current AOI. 
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Fig. A-11: 160th month decline map of the current AOI. 
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Fig. A-12: 180th month decline map of the current AOI. 
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Fig. A-13: 200th month decline map of the current AOI. 
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Fig. A-14: 220th month decline map of the current AOI. 
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Fig. A-15: 240th month decline map of the current AOI. 
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Fig. A-16: 260th month decline map of the current AOI. 
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Fig. A-17: 280th month decline map of the current AOI. 
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Fig. A-18: 300th month decline map of the current AOI. 
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Fig. A-19: 330th month decline map of the current AOI. 
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Fig. A-20: 360th month decline map of the current AOI. 
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Fig. A-21: 390th month decline map of the current AOI. 
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Fig. A-22: 420th month decline map of the current AOI. 
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Fig. A-23: 450th month decline map of the current AOI. 
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Fig. A-24: 480th month decline map of the current AOI. 
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Fig. A-25: 480th month decline map of the current AOI (shifted scale). 
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